ABSTRACT: Seventy-two crossbred and purebred beef steers (296 ± 9 kg initial BW) were used in a completely randomized design to determine effects of 30% distillers dried grains with solubles (DDGS; 29.2% CP, 9.7% fat, DM basis) inclusion during the growing or finishing period on DMI, performance, carcass, and meat quality traits. The resulting treatments were 0:0, 30:0, 0:30, and 30:30 (diet DDGS percentage fed during growing and finishing periods, respectively). Steers were individually fed a growing diet (65% concentrate) for 57 d, then acclimated to and fed a finishing diet (90% concentrate) for 80 or 145 d. Dietary ingredients included dry-rolled corn, corn silage, grass hay, concentrated separator by-product, and supplement. Diets included 27.5 mg/kg of monensin and 11 mg/kg of tylosin and were formulated to contain a minimum of 12.5% CP, 0.70% Ca, and 0.30% P. During the growing period, DMI was not different (P ≥ 0.63; 10.22 ± 0.23 kg/d; 2.42 ± 0.06% of BW). Steer performance, including ADG (1.75 ± 0.05 kg/d) and G:F (174.1 ± 6.8 g/kg), was not affected (P ≥ 0.14) by treatment during the growing period, and final BW at the end of the growing period was not different (425 ± 7 kg; P = 0.99). During the finishing period, DMI was not different (P ≥ 0.54; 8.47 ± 0.66 kg/d; 1.57 ± 0.09% BW). During the finishing period, no differences (P ≥ 0.22) were observed for ADG (1.54 ± 0.07 kg/d) or G:F (202.4 ± 28.3 g/kg). As a result, final BW was not different (P ≥ 0.28; 551 ± 15 kg). Longissimus muscle area (77.8 ± 3.3 cm 2 ), 12th-rib fat thickness (1.26 ± 0.10 cm), and KPH (2.48 ± 0.16%) were not different (P ≥ 0.16). There were no differences (P ≥ 0.35) in yield grade (3.33 ± 0.17) or marbling (431 ± 21; Small 0
= 400). Results from the trained panel indicated no differences (P ≥ 0.16) in tenderness, which averaged 6.03 ± 0.16 (8-point hedonic scale); however, steaks from steers fed 0:30 or 30:30 tended (P = 0.10) to be juicier and more flavorful than steaks from steers fed 0:0 or 30:0 (6.01 vs. 5.83 ± 0.11; 6.02 vs. 5.89 ± 0.08, respectively). Inclusion of 30% DDGS in the growing period tended to reduce L* (P = 0.08; 48.6 vs. 48.9 ± 0.2) and b* (P = 0.01; 8.24 vs. 8.65 ± 0.18) of steaks. Feeding DDGS during growing or finishing reduced b* (P = 0.02; 8.35 vs. 8.74 ± 0.18) compared with 0:0. Feeding DDGS during the finishing period reduced a* (P < 0.001; 20.1 vs. 22.0 ± 0.24) of steaks. Furthermore, feeding DDGS during growing or finishing reduced a* (P < 0.001; 20.9 vs. 21.7 ± 0.24) compared with 0:0. Feeding 30% DDGS did not affect any performance or carcass characteristics but did influence steak sensory attributes and color.
INTRODUCTION
Ethanol production has increased dramatically in the past decade due to the 2005 energy bill, which mandated 4 billion gallons of renewable fuel (mainly cornbased ethanol) be added to the gasoline supply in 2006 (Yacobucci, 2006) . In 2007, 4.7 billion gallons were to be added, and by 2012, 7.5 billion gallons are required to be added to the gasoline supply (Yacobucci, 2006) . Therefore, corn by-products, such as distillers dried grains with solubles (DDGS) from the ethanol industry, are increasingly used as feedstuffs in the cattle industry because of their availability, nutrient value, and cost. Studies have that demonstrated DDGS are an excellent feedstuff for growing and finishing cattle because of increased performance (Trenkle, 2004; Buckner et al., 2007) . Distillers dried grains with solubles contain approximately 30% CP and 11% fat, supply 52% rumen undegradable intake protein (NRC, 2000) , and are generally less expensive than corn (NASS, 2008) .
Distillers dried grains with solubles can be used as a protein and energy source depending on amount included in the diet (Ham et al., 1994) . Feeding up to 40% wet or dry distillers grains with solubles in growing and finishing diets improves ADG and G:F in steers compared with feeding dry-rolled corn only (Larson et al., 1993; Ham et al., 1994) .
Beef consumers want a high-quality product that is tender, juicy, and flavorful (Huffman et al., 1996) . Research is limited in evaluating effects of feeding DDGS to growing and finishing steers on meat quality. Roeber et al. (2005) fed finishing Holstein steers up to 50% distillers dried grains (DDG) and reported no differences in tenderness or sensory traits compared with steaks from steers fed corn-based diets.
Little quantitative information is available on the effects of short-and long-term feeding of DDGS to steers on performance and carcass quality. Therefore, our objectives were to determine effects of feeding DDGS on growing and finishing steer intake, performance, carcass characteristics, and steak color and sensory attributes.
MATERIALS AND METHODS
All animal care and handling procedures followed protocols approved by the North Dakota State University Animal Care and Use Committee before the initiation of the study.
Animals and Diets
Seventy-two crossbred and purebred beef steers were used in a completely randomized design to determine effects of 30% DDGS inclusion during the growing or finishing period or both. The resulting treatments were 0:0, 30:0, 0:30, and 30:30 (diet DDGS percentage fed during growing and finishing periods, respectively). Nutrient content of DDGS used averaged 29.2% CP, 34.7% NDF, 9.5% ADF, 9.7% crude fat, 0.03% Ca, and 0.81% P. Steers were individually fed a growing diet (65% concentrate) for 57 d, then acclimated for 14 d to a finishing diet (90% concentrate) and fed for 80 or 145 d. Diets were based on dry-rolled corn, corn silage, grass hay, concentrated separator by-product, and supplement (Table 1) . Diets included 27.5 mg/ kg of monensin (Elanco Animal Health, Indianapolis, IN) and 11 mg/kg of tylosin (Elanco Animal Health) and were formulated to contain a minimum of 12.5% CP, 0.70% Ca, and 0.30% P. Steers were assigned to treatment and fed individually in the Calan Broadbent Feeding System (American Calan, Northwood, NH 
Diet Analysis
Diet and ort samples were dried using a forced-air oven (55°C; The Grieve Corporation, Round Lake, IL) for 48 h. Dried samples were ground in a Wiley mill (Thomas Scientific, Swedesboro, NJ) to pass a 2-mm screen. Diet and ort samples were analyzed for DM, ash, and N (procedure numbers 930.15, 942.05, and 984.13, respectively; AOAC, 1990) . Sequential concentrations of NDF (Robertson and Van Soest, 1991 , as modified by Ankom Technology, Fairport, NY) and ADF (Goering and Van Soest, 1970 , as modified by Ankom Technology) were determined using a fiber analyzer (Ankom 200 Fiber Analyzer, Ankom Technology) without sodium sulfite, with amylase, and without ash correction.
Carcass Sample Collection
Hot carcass weight was measured within 30 min after exsanguination. Trained personnel measured LM area and 12th-rib fat and visually assessed maturity, marbling score, and KPH. Five-centimeter portions from the anterior end of the loin from both carcass sides were removed after carcasses were chilled for 24 h. The loin samples were transported to North Dakota State University for subsequent analysis. Loin samples were processed into 2.5-cm steaks. Steaks were vacuum packaged individually, aged at 4°C for 14 d, and then frozen until further evaluation of tenderness and sensory attributes. One steak was not frozen and was prepared immediately for retail display.
Retail Display Shelf Life
One steak from each steer was used for simulated retail display shelf-life analysis. For analysis, all steaks were placed on Styrofoam trays, covered with polyvinyl chloride film, and placed under continuous fluorescent lighting at 4°C. Steaks were rotated randomly and evaluated every 24 h by trained personnel for discoloration and color space values. A colorimeter (Chroma Meter CR-310 Minolta Corp., Ramsey, NJ) was used to measure LM lean L* (muscle lightness), a* (muscle redness), and b* (muscle yellowness) color space values through the overwrap polyvinyl chloride film for each postmortem display day at 0900 h each day. Color evaluation was terminated when steaks were subjectively determined to be unacceptable.
Tenderness Determination
One steak from each steer was used for evaluation of tenderness using the Warner-Bratzler shear force (WBSF) machine (G-R Electric Mfg. Co., Manhattan, KS; AMSA, 1995). Steaks were thawed for 24 h at 2°C, weighed, and then cooked in clamshell-style grills (model GRP99B, Salton Inc., Lake Forest, IL) at 177°C until steaks reached an internal temperature of 70°C. Cooking temperature was measured using a hand-held digital thermometer with probe (Atkins Series 313K, Cooper-Atkins Corp., Middlefield, CT). Steaks were then weighed to determine cooking loss and cooled to room temperature. Six 1.27-cm cores from each steak were removed parallel to the muscle fiber. Each core was sheared once using a 250 mm/min crosshead speed. The mean of the 6 cores was used in the statistical analysis.
Trained Sensory Panel
Procedures using human subjects for sensory panel were approved by the North Dakota State University Review Board before initiation of the panel. Sensory panel analysis was conducted with a trained panel (AMSA, 1995) . Steaks were thawed at 4°C for 24 h and cooked as described previously for WBSF evaluation and cooking temperature measured by a thermocouple (Type T thermocouple, Omega Engineering, Stanford, OH). Steaks were then cut into pieces of approximately 1.3 × 1.3 × 2.5 cm and served to panelists for evaluation. Panelists were trained to evaluate initial tenderness, juiciness, and flavor intensity (Cross and Dinius, 1978) . Panelists scored 10 samples each day using an 8-point scale in which 1 equaled extremely tough, dry, and bland; and 8 equaled extremely tender, juicy, and intense beef flavor. At least 6 panelists evaluated samples each day. After each sample panelists cleansed their palates using distilled water, unsalted crackers, and ricotta cheese.
Statistical Analysis
Data were analyzed as a completely randomized design using generalized least squares (MIXED procedure, SAS Inst. Inc., Cary, NC). Steer was used as the experimental unit, and the model included the effects of diet. Diet was a fixed effect, and steer was a random effect. Information criteria were used to select the best-fit covariate structure. Initial steak weight was used as a covariate for cooking loss. Color data were analyzed with repeated measures over time using generalized least squares. The model included diet, day of display, and diet × display day interaction. Means were separated using the following contrasts: growing ( 
RESULTS AND DISCUSSION
In the growing and finishing periods, DDGS, when included at 30% of dietary DM, replaced a portion of the dry-rolled corn (Table 1 ). The 0% DDGS diet fed during the growing period contained 12.8% CP, 2.07% crude fat, 37.3% NDF, 20.3% ADF, 1.23% Ca, and 0.32% P. The 0% DDGS diet fed during the finishing period contained 16.1% CP, 3.11% crude fat, 26.1% NDF, 9.4% ADF, 1.87% Ca, and 0.54% P. Due to increased CP content of DDGS compared with dry-rolled corn (NRC, 2000) , the 30% DDGS diets had greater CP concentration than did the 0% DDGS diets for both feeding periods. The 30% DDGS diet fed during the growing period contained 17.9% CP, 4.67% crude fat, 39.5% NDF, 18.5% ADF, 1.23% Ca, and 0.44% P. The 30% DDGS diet fed during the finishing period contained 22.7% CP, 6.16% crude fat, 33.2% NDF, 10.0% ADF, 2.13% Ca, and 0.71% P.
During the growing period, 2 steers from the 30% DDGS treatment were removed from the study due to conditions unrelated to treatment. One steer was removed before initiation of treatments and the other removed due to chronic bloat; therefore, 70 steers were used in the analysis during the growing period. Steers were fed growing diets for 57 d. Initial BW of steers was not different (P = 0.57; Table 2 ) and averaged 296 ± 9 kg. Steer performance, including DMI, ADG, and G:F, were not affected (P ≥ 0.14) by treatment during the growing period. Final BW at the end of the growing period was also not different (P = 0.99). Peter et al. (2000) fed weanling heifers cracked corn and hay-based diets supplemented with 15% DDG to achieve an ADG of 0.8 kg/d. They reported no differences in DMI; however, ADG and G:F were improved when DDG were fed compared with heifers supplemented modified corn fiber. Buckner et al. (2007) reported improved ADG, G:F, and final BW in steers fed growing diets containing 15 or 30% DDGS as compared with diets containing similar amounts of bran cake; however, no differences were noted for DMI. Conversely, Trenkle (2004) reported increased DMI in steers fed 40% DDGS in growing diets compared with cracked corn diets. Trenkle (2004) also noted a linear increase in ADG as DDGS increased to 40% dietary DM.
Three steers were removed from the data set due to reduced feed intakes during the finishing portion of the trial. Two of the steers removed were on the 30% DDGS treatment and 1 steer from the 0% DDGS treatment. Days fed during the finishing period were not different (P ≥ 0.27; Table 3) Distillers grains and feedlot cattle G:F regardless of DDGS inclusion. Ham et al. (1994) fed cattle 40% DDGS, which partially replaced dryrolled corn in finishing diets and observed improved ADG and G:F when compared with cattle consuming dry-rolled corn diets. Gordon et al. (2002) fed heifers finishing diets based on steam-flaked corn and included 0 or 30% DDGS (partially replacing steam-flaked corn) and reported similar DMI, ADG, and G:F between treatments. In the current study, no differences (P ≥ 0.28) in final BW were observed, which is similar to results reported by Gordon et al. (2002) and Depenbusch et al. (2008) . Similar to final BW, there were no differences in HCW (P ≥ 0.28; 359 ± 10 kg; Table 3 ). Longissimus muscle area (77.8 ± 3.3 cm 2 ), 12th-rib fat thickness (1.26 ± 0.10 cm), and KPH (2.48 ± 0.16%) were not different (P ≥ 0.16); therefore, no differences (P ≥ 0.35; 3.33 ± 0.17) were observed for yield grade. Similarly, Ham et al. (1994) and Lodge et al. (1997) reported no differences in 12th-rib fat thickness, quality grade, or yield grade in steers fed corn or sorghum DDGS, respectively, compared with dry-rolled corn. Mateo et al. (2004) fed 0, 20, or 40% DDGS (DM basis), partially replacing cracked corn, to finishing cattle. These researchers observed cattle fed 20 or 40% DDGS had greater 12th-rib fat thickness, which resulted in higher yield grades compared with cattle fed cracked corn (0% DDGS).
No differences (P ≥ 0.43) were observed for marbling, which averaged 431 (small 0 = 400; Table 3 ). Mateo et al. (2004) reported cattle fed 20% DDGS had greater marbling scores compared with cattle fed 40% DDGS, whereas Gordon et al. (2002) observed no differences in marbling for heifers fed 0 or 30% DDGS partially replacing steam-flaked corn.
Warner-Bratzler shear force and cooking loss were not different (P ≥ 0.13) across treatments (Table 4) . Similarly, Roeber et al. (2005) reported no differences in WBSF of steaks from steers fed increasing DDG in whole corn-based finishing diets. Retail and foodservice WBSF thresholds for acceptability were reported to be 4.6 and 3.9 kg, respectively (Shackelford et al., 1991) . Values greater than these indicate consumers find steaks tough.
Results from the trained panel indicated no differences (P ≥ 0.16) in tenderness, which averaged 6.03 ± 0.16 (8-point hedonic scale; Table 4); however, steaks from steers fed 30% DDGS during the finishing period tended (P = 0.10) to be juicier and more flavorful than steaks from control steers (6.01 vs. 5.83 ± 0.11 and 6.02 vs. 5.89 ± 0.08, respectively). Marbling has beneficial effects on juiciness and flavor with little evidence for aiding in meat tenderness (Aberle et al., 2001 ). In the current study, feeding DDGS did increase juiciness and flavor of steaks even though marbling was not affected. Roeber et al. (2005) reported no differences in tenderness, juiciness, or flavor of steaks from steers fed up to 50% DDG (DM basis). Gill et al. (2008) analyzed strip loins from steers fed finishing diets based on steamflaked corn and included 0 or 15% DDG (partially replacing steam-flaked corn and hay) and reported no differences in any sensory characteristics. Conversely, Depenbusch et al. (2009) heifers fed 45 and 60% DDGS were most flavorful and steaks from heifers fed 0% DDGS least flavorful. Steaks from steers consuming 30% DDGS during the growing period tended to reduce L* (P = 0.08) and reduced b* (P = 0.01) color values when compared with steaks from steers consuming 0% DDGS during the growing period (Table 4) . Feeding DDGS regardless of period resulted in reduced L* (P = 0.04) and b* (P = 0.02) compared with feeding dry-rolled corn (0:0). Feeding DDGS during the finishing period reduced a* (P < 0.001) of steaks. Furthermore, feeding DDGS in the growing and finishing periods reduced a* (P < 0.001) compared with feeding dry-rolled corn (0:0). A finishing period × display day interaction (P = 0.02) was present for a* values where the a* values for steaks from steers fed 30% DDGS decreased at a faster rate than the a* values for steaks from steers fed 0% DDGS. Reasons for a faster decline in a* of steaks from steers fed DDGS may be attributed to increased oxidation of unsaturated fatty acids and enzymatic reducing systems that control metmyoglobin levels in meat (Gray et al., 1996) . The a* color value is highly correlated (R 2 ≥ 0.74) with visual appearance scores (Zerby et al., 1999) ; thus, greater a* values indicates increased consumer acceptance of the product. Roeber et al. (2005) reported greater a* values in steaks from steers fed 12.5, 25, or 50% DDG compared with soybean meal in whole cornbased diets, whereas b* values were greater in steaks from steers fed 12.5% DDG compared with steaks from steers fed either soybean meal or 25% DDG. In a second experiment by Roeber et al. (2005) In summary, no differences were observed for performance variables or carcass characteristics when steers were fed 0 or 30% DDGS in the growing or finishing period. In the current study, marbling was not affected by treatment nor was tenderness; however, steaks from steers fed DDGS during finishing were juicier and had more flavor. These data suggest DDGS can be included at 30% dietary DM in the growing or finishing period, partially replacing dry-rolled corn, with no detrimental effects on performance, carcass characteristics, or sensory attributes. However, feeding 30% DDGS may negatively affect steak color, and more research may be needed in that area. 4 Corn distillers dried grains with solubles. 5 Initial weight used as a covariate. 6 L* = white to black (100 = white, 0 = black); a* = red to green (35 = red, −35 = green); b* = yellow to blue (35 = yellow, −35 = blue). 7 Tenderness (8 = extremely tender, 1 = extremely tough); juiciness (8 = extremely juicy, 1 = extremely dry); flavor (8 = extremely flavorful, 1 = extremely bland).
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